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Abstract 
The importance of economical construction of infrastructures has recently increased. The application of spiral steel 
pipes to bridge piers is considered as one of the effective methods. Spiral steel pipes have been seldom used for 
bridge piers. Currently, spiral steel pipes have been mainly used as the foundations of buildings or bridges and are 
relatively economical because they are produced in large quantities in factories. However, roll forming processes of 
spiral steel pipes are different from those of bending roll pipes which have been generally used as bridge piers, so that 
seismic performance of spiral steel pipes may be different from that of bending roll pipes. Therefore, it is very 
important to grasp the ultimate strength and the ductility of spiral steel pipes. 
In this study, the finite element analysis was conducted for grasping the elasto-plastic behavior of hollow spiral steel 
pipes. Based on the analysis results, the seismic performance of hollow spiral steel pipes under compressive axial 
force and bending moment was examined and the influences of the structural parameters on the seismic performances 
of the spiral steel pipes are discussed. 
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1. INTRODUCTION
It has been required to decrease the construction cost of infrastructures. Recently, methods like using new 
materials for bridge construction have been proposed. As one of the effective methods, the application of 
spiral steel pipes to bridge piers is considered. Spiral steel pipes have been seldom used for bridge piers. 
Spiral steel pipes have been commonly used as the foundations of buildings or bridges. The spiral steel 
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pipes are manufactured in a factory line by continually unwinding a coil and molding it spirally into a 
cylindrical shape, with the joints being automatically welded. This enables production in large quantities, 
making spiral steel pipes relatively economical. However, roll forming processes of spiral steel pipes are 
different from those of bending roll pipes which have been generally used as bridge piers. For this reason, 
seismic performance of spiral steel pipes may be different from that of bending roll pipes. Therefore, it is 
very important to grasp the ultimate strength and the ductility of spiral steel pipes in order to establish a 
new seismic design method for the spiral steel pipes.  
In this study, the finite element analysis was conducted for grasping the elasto-plastic behavior of hollow 
spiral steel pipes. To confirm the validity of the analysis method, the comparison between test result and 
analysis result was undertaken. And, in order to grasp the elasto-plastic behavior of spiral steel pipes, 9 
spiral steel pipe models are analyzed. Based on the parametric analysis results, the seismic performance 
of hollow spiral steel pipes under compressive axial force and bending moment was examined and the 
influences of the structural parameters of O  and Rt on the seismic performance are discussed. Furthermore, 
the analysis results and experimental results were compared with the calculation results by the previous 
seismic evaluation methods for bending roll pipe piers. 
2. OUTLINE OF ANALYSIS 
2.1. Constitutive equation 
In this study, an elasto-plastic finite element analysis program developed in our laboratory of Osaka 
University, CYNAS (Nishimura 1995; Nishimura 1998) was used in the structural analysis. The program 
uses the isoparametric shell elements with 8 nodes and a constitutive equation capable of accurate 
simulation of material properties (Nishimura 1995; Suzuki 2003). This constitutive equation can express 
the elasto-plastic behavior of structural steels under cyclic loading with good accuracy. Tensile tests and 
cyclic loading tests were conducted on coupons of JIS-SKK490 in order to determine the material 
constants required in the material constitutive equation. The results were used to determine the material 
constants shown in Table 1. The validity of the constitutive equation was confirmed by comparing 
random cyclic loading test results with the constitutive equation’s simulation results as shown in Figure 1. 
 
Table 1: Material constants 
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(a) A9-P (b) A7-P 
Figure 1: Validity of constitutive equation 
2.2. Verification of analysis 
To confirm the validity of the analysis method, the comparison between test results and analysis results 
was undertaken. Cyclic loading tests of hollow steel pipes were undertaken (Ono 2010). The dimensions 
and parameters of test specimens are shown in Figure 2 and Table 2. The steel grade of test specimens 
was JIS-SKK490. The values of Rt applied to each specimen were different. The plate thickness of test 
specimen A9-P is 9mm, and the plate thickness of test specimen A7-P is 7mm, respectively. Rt is a radius 
thickness ratio parameter and O  is a slenderness ratio parameter of the column. The definitions of 
parameters mentioned above are identical to those stipulated in the 2002 design specifications (Japan 
Road Association 2002) and given as follows. 
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where D = diameter; t = plate thickness; ıy = yield stress gained from material experiment; E = Young’s 
modulus; Ȟ = Poisson’s ratio; h= column height (distance from the bottom of the column to the point of 
application of horizontal load); r = radius of gyration of cross section. 
The specimen was loaded with hydraulic jacks that were installed in a fully stiff frame. In the experiment, 
the specified axial force was first applied to the specimen by the vertical hydraulic jack. The axial force N 
is adjusted to 0.15% of yield axial force NyN calculated by using the nominal yield stress. The cyclic 
pattern of the horizontal displacement is schematically shown in Figure 3, where the yield horizontal 
displacement įyN is calculated by the following equation. The axial load was kept constant during the 
cyclic experiments. 
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where EI = bending rigidity, Py N =yield horizontal load, A =cross-sectional area, Z = section modulus 
and ıyN = nominal yield stress 
In order to simulate the test result, the analysis models were made in consideration of the effects of the 
weld seams. Figure 4 shows the schematic of the analysis model and the applied load. The weld seams of 
spiral steel pipes are inclined and thicker than the base metal of the steel tubes. Therefore, in these 
analysis models, residual stress was input along weld seam and the thickness of weld seam was 2mm 
thicker than the base metal of spiral steel pipe. The values of residual stress are shown in Figure 5.   
The comparisons between the test results and analytical results are shown in Figure 6. The comparisons of 
analysis results with test results show good fits. 
Table 2: Parameters of Test Specimens 
 
 
Figure 2: Test Specimen 
Figure 3: Loading history 
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Figure 4: Analysis model 
Figure 5: Residual stress distribution 
 
(a) A7-P (b) A9-P 
Figure 6: Comparison between analysis and test result 
Parametric Analysis 
In order to grasp the seismic performance of spiral steel pipe, 9 analysis models of spiral steel pipes were 
employed in this study. They are characterized by two parameters of O  and Rt. The values of the 
parameters are summarized in Table 3. 
 
Table 3: Parameters of analysis models 
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3. NUMERICAL RESULTS AND DISCUSSION
The hysteresis loops of the horizontal load – horizontal displacement (P-į) relationship gained from the 
analysis are presented in Figure 7. In order to examine the seismic performance according to the 
numerical results, envelope curves shown in Figure 8 were made from the P-į relationship of analysis 
results. 
 
(a) SP-2-9 (b) SP-4-8 
Figure 7: P-į relationship gained from analysis 
3.1. Influence of O
Figure 8 (a) shows the P-į relationship of SP-2-8, SP-3-8, and SP-4-8. The difference between the three 
analysis models lies only in O . SP-2-8 has the smallest value of O  that is 0.20, and SP-4-8 has the largest 
value of O  that is 0.40. It is therefore recognized that both the normalized maximum horizontal load 
(Pmax/Py) and the normalized horizontal displacement at the maximum horizontal load (įm/įy) tend to 
decrease as O  increases. Here, Pmax is the maximum horizontal load and įm is the horizontal displacement 
at Pmax. The same tendency was observed in the comparisons among other models. 
3.2. Influence of Rt
The influence of Rt can be observed in Figure 8 (b). The difference between the two models is the value 
of Rt only. The value of Rt of SP-2-8 is 0.08 while that of Sp-2-11 is 0.11. The smaller Rt tends to lead to 
the larger Pmax/Py and įm/įy. The same tendency was found in the comparisons among other numerical 
results. 
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Figure 8: Influence of O  and Rt 
3.3. Application of previous seismic evaluation method 
The evaluation methods for Pmax and įm have been proposed for steel bridge piers of bending roll pipes 
(Japan Road Association 2002). In the 2002 seismic design specifications, M-Ɏ model is stipulated for 
evaluating seismic performance of follow steel bridge piers. The M-Ɏ model is decided based on the 
experimental results of bending roll pipes (Public Works Research Institute et al. 1997-1999). Figure 9 
shows the comparison between the results calculated with M-Ɏ models and analysis results of steel spiral 
pipes. The figures show that Pmax and įm of spiral steel pipes are approximately as same as those of the 
bending roll pipe piers. From this result, it is thought that the difference of weld seam with bending roll 
pipes hardly influences the Pmax and įm of spiral steel pipes. This result indicates the possibility that the 
previous seismic evaluation method for bending roll steel pipe piers may be applied to that of spiral steel 
pipe piers. 
(a) Pmax (kN) (b) įm (mm) 
Figure 9: Comparison between empirical formula and analysis Results 
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4. CONCLUSIONS  
The following conclusions are drawn as the important findings of this study. 
࣭A decrease in radius thickness ratio parameter and a slenderness ratio parameter lead to an increase in 
the ultimate strength and the ductility as well as bending roll pipe piers. 
࣭There is a possibility that the ultimate strength and the ductility of spiral steel pipes are approximately 
the same as those of the bending roll pipe piers and evaluated by the previous seismic evaluation method 
for bending roll steel pipes. 
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